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 2 
Abstract 1 
A single focus on mean fibre diameter (MFD, m) as the definition of cashmere quality 2 
overlooks the effects of fibre length, softness and fibre curvature on cashmere processing, 3 
textile quality and consumer acceptance. Many farmers overlook the importance of cashmere 4 
staple length (SL, cm) in their fleece assessments. We aimed to determine the importance of 5 
SL in comparison with MFD when evaluating cashmere production and to identify how 6 
across farm comparisons of cashmere fleeces can be objectively undertaken. A sample of 7 
1244 commercial cashmere fleeces from goats originating from many Australian farms was 8 
used. Least squares models, relating the logarithm of clean cashmere production (CCMwt, g) 9 
to MFD and SL, were fitted. Six years of data from the Australian cashmere industry between 10 
farm fleece competitions were analysed to determine the relation between CCMwt and MFD. 11 
In the research flocks, adjusting CCMwt of individual goats across farms for MFD only 12 
accounted for 2% of the variance, whereas SL accounted for 39% of the variance. The least 13 
squares additive model involving only SL was: log10(CCMwt) = 1.570 + 0.06010  SL. Thus 14 
CCMwt was proportional to: SLSL 1484.106010.010  . It was appropriate to adjust 15 
CCMwt for SL by a factor  01484.11 SLSL  where SL0 is a standard SL of 7.5 cm. The 16 
between farm index for cashmere weight equals: Clean Cashmere Staple Length Index = 17 
SL1.1484
CCMwt823.2 
. For industry fleece competitions, regression analysis indicated that there 18 
was no association between cashmere production and MFD (P = 0.81), similar to the research 19 
data. Adjusting CCMwt for MFD in across farm comparison and fleece competitions appears 20 
to be ineffective. For farm comparisons and in fleece competitions it is important to assess 21 
cashmere SL. The use of the Clean Cashmere Staple Length Index will provide a more robust 22 
comparison of cashmere productivity between farms as it is an indirect indicator of desirable 23 
skin secondary follicle development. The results have application in development projects 24 
where obtaining a cashmere MFD test is costly or unavailable.  25 
Keywords: Farm benchmarking, Farmer skills, Fleece evaluation, Fleece weight 26 
1. Introduction 27 
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 1 
 Staple length (SL) is a primary determinant of the price of mohair and wool as it affects 2 
the processing route, processing efficiency and the ultimate use and quality attributes of 3 
textiles (Hunter, 1993). Research and marketing reports on cashmere quality typically 4 
mention only one quality trait, the mean fibre diameter (MFD), while some also mention the 5 
colour of cashmere (Watkins and Buxton, 1992; Dalton and Franck, 2001; Schneider, 2013). 6 
This almost single focus on MFD overlooks the importance that variation in fibre length, 7 
softness and fibre curvature have in affecting cashmere processing, cashmere textile quality 8 
and consumer acceptance of cashmere garments (McGregor 2000, 2013; McGregor and 9 
Butler, 2008a; McGregor and Postle, 2008, 2009).  10 
 One side effect of the single focus on MFD is that farmers do not consider the importance 11 
of cashmere fibre length in their own activities, such as between farm benchmarking or fleece 12 
comparisons. For example, the Australian Cashmere Growers Association have conducted 13 
cashmere fleece competitions since 1982. They have sections for fleece comparison of 14 
different MFD and an overall index based on MFD (Anonymous, 1989, 1990; Graham and 15 
Bell, 1990) but their fleece comparisons omit any use of cashmere SL in determining superior 16 
cashmere fleeces. This is despite the knowledge that cashmere production is phenotypically 17 
related to staple length in Australasian cashmere producing goats (McDonald, 1988; Pattie 18 
and Restall, 1989; Bigham et al., 1993).  19 
 McGregor and Butler (2008b) developed a relationship between clean cashmere 20 
production and other fleece characteristics using fleeces sourced from 11 Australian farms. 21 
We aimed to use the results from that study to determine the importance of cashmere SL in 22 
comparison with cashmere MFD when evaluating cashmere production and to identify how 23 
across farm comparisons of cashmere fleeces can be objectively undertaken.  24 
 25 
26 
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2. Materials and methods 1 
 2 
2.1. Research data  3 
 4 
 The research follows directly from that of McGregor and Butler (2008b). Briefly, fleece 5 
and live weight data were analysed from commercially managed cashmere goats from 11 6 
farms in 4 different States of Australia (n=1244). At shearing, greasy fleece weight (g) was 7 
measured and fleeces were sampled. Cashmere fibre staple length (SL; cm) was measured to 8 
the nearest 0.5 cm. Fleece samples were sent to a commercial fibre-testing laboratory and 9 
measurements recorded for clean washing yield (CWY; w/w), mean fibre diameter (MFD; 10 
µm), fibre diameter standard deviation (FDSD; µm), fibre curvature (FC; /mm) and fibre 11 
curvature standard deviation (FCSD; /mm). Clean cashmere yield (w/w) was determined as: 12 
clean washing yield  OFDA100 cashmere yield (determined using fibre diameter profiles 13 
(Peterson and Gheradi, 1996)). Clean cashmere production (g) was determined as: CCMwt = 14 
greasy fleece weight clean cashmere yield. Live body weight change (LWC; kg) was 15 
determined as the difference between the first (Initial LW; kg) and last live body weight 16 
recorded - the most general being: January live body weight – June live body weight. 17 
 The general linear model developed, with normal errors, to determine the relationship 18 
between the logarithm of clean cashmere production and any other potential determinant was 19 
(McGregor and Butler, 2008b):  20 
log10(CCMwt) = α+ β1MFD + β2FDSD + β3FC + β4FCSD + β5SL + β6CWY + 21 
β7LWC + β8InitialLW + β9(FDSD×FC)                                  (1) 22 
where the parameters α, β1, β2, β3, β4, β5, β6 and β7 differed between farms, the parameters β8 23 
and β9 were the same for all farms, and α, β3, and β4 also differed for 2-year-old goats on farm 24 
7.  25 
 Least squares models, that included only prescribed subsets of the parameters in model 26 
(1), were fitted and compared using percentage variance accounted for (Payne, 2012). All 27 
 
 
 5 
these models are calculated without separate terms for farms but with separate terms for 2-1 
year-old goats from Farm 7 being a priori included in the models. The terms for 2-year-old 2 
goats on farm 7 are not further reported because they are considered to be an anomalous 3 
group of animals (n=25) (McGregor and Butler, 2008b), but are included in the analysis to 4 
improve estimates of residual variance. It is not appropriate to include terms for farm in the 5 
model in across farm comparisons, such as in national fleece competitions. 6 
These models were used to develop and examine biological indices that balance the 7 
amount of fleece with the quality of fleece. In these models we used the typical SL of 7.5 cm 8 
for low MFD cashmere (12.6 μm; McGregor and Butler, 2008bc) as the standard for SL.  9 
 10 
2.2. Industry index 11 
 12 
 Over the past 30 years the Australian Cashmere Growers Association has conducted 13 
annual National Fleece Competitions to identify the most valuable fleece in a range of fibre 14 
diameter, age and sex classes. In response to the desire to identify the best fleece, and 15 
therefore the best animal, amongst all the entries, an Index was formulated by Geoff Patrick 16 
for comparing animals on fleece productivity (Anonymous, 1989, 1990; Graham and Bell, 17 
1990). The Patrick Index is designed to be a biological index that balances the amount of 18 
fleece with the quality of fleece. Two fleeces with the same Patrick Index should be equally 19 
difficult to produce. The index is calculated as Patrick Index = 4277.335  [cashmere weight 20 
(g) / (mean fibre diameter)3.3]. The Patrick Index was compared with the index developed 21 
from the research data.  22 
 23 
2.3. Industry fleece competitions 24 
 25 
The relationship between cashmere production and the MFD of winning fleeces in the 26 
Australian Cashmere Growers Association National Cashmere Fleece Competition was 27 
determined. The National Cashmere Fleece Competitions have not recorded cashmere SL. 28 
 
 
 6 
We used data for the years on either side of the year when the farm research work was 1 
undertaken and for the section of the competition where cashmere producers select their 2 
fleeces after shearing i.e. the farmers can evaluate their fleeces after removal from the goat 3 
(Anonymous, 2002, 2003, 2004, 2005, 2006, 2007).  4 
 5 
3. Results 6 
 7 
3.1. Between farm analysis 8 
 9 
 There is little advantage of adjusting CCMwt of individual goats across farms for MFD 10 
because a model that contains MFD alone accounts for only 2% of the variance (Table 1). 11 
However, a model that adjusts CCMwt of individual goats across farms for SL accounts for 12 
39% of the variance (Table 1). A model that includes SL with MFD only accounts for only 13 
1% unit more of the variance compared with a model containing SL alone. Thus there is little 14 
advantage of adjusting CCMwt of individual goats across farms for MFD in addition to SL. 15 
 The least squares additive model involving only SL can be written as: 16 
log10(CCMwt) = α + 0.06010  SL;  17 
where α =1.570. Thus CCMwt is proportional to: SLSL 1484.106010.010   Thus it is 18 
appropriate to adjust CCMwt for SL by a factor  01484.11 SLSL  where SL0 is a 19 
standard SL of 7.5 cm. Then our between farm index for clean cashmere weight is, 20 
Clean Cashmere Staple Length Index = SL1.1484
CCMwt823.2 
 (Fig. 1). 21 
 22 
3.2. Industry index and fleece competitions 23 
 24 
 Values for the Patrick Index are standardised to a MFD of 12.6 μm. This means that at 25 
12.6 μm, the Patrick Index always equals the weight of clean cashmere and the ratio between 26 
 
 
 7 
the Patrick Index and the weight of clean cashmere equals 1 (Fig. 2). When the MFD is less 1 
than 12.6 μm the Patrick Index is greater than the weight of clean cashmere and the ratio 2 
between the Patrick Index and the weight of clean cashmere is greater than 1. When the MFD 3 
is greater than 12.6 μm the ratio between the Patrick Index and the weight of clean cashmere 4 
is less than 1(Fig. 2).  5 
 For fleeces entered into industry fleece competitions, regression analysis indicated that 6 
there was no association between cashmere production and MFD (P = 0.81, Fig. 3). 7 
 8 
4. Discussion 9 
 10 
 While the use of cashmere production indices that adjust for MFD are likely to provide 11 
little advantage over simply using clean cashmere weight, cashmere production indices that 12 
adjust for SL are likely to be informative when comparing individuals across farms as in 13 
typical fleece competitions. In such cases the index Clean Cashmere Staple Length Index 14 
could be informative. Using this index, a fleece with a 12.5 cm SL will need to have twice the 15 
CCMwt as a 7.5 cm fleece, which in turn will need to have twice the CCMwt of a 2.5 cm 16 
fleece, to attain the same index value (Fig. 1).  17 
 The increase in Clean Cashmere Staple Length Index with a decline in SL indicates that 18 
the index is modelling a follicle density index i.e. greater secondary/primary skin follicle 19 
ratio (S/P). This would be in accordance with the negative genetic and phenotypic 20 
correlations found in superfine Merino sheep between increased S/P ratio and staple length 21 
(Jackson et al., 1975). After 18 years of selection in superfine Merino sheep, the effect of 22 
selection for increased or decreased S/P ratio on staple length was a difference of 8.5 versus 23 
9.8 cm in males and 8.6 versus 9.9 cm in females (Rendel and Nay, 1978). The reports 24 
available for the response of staple length to changes in S/P ratio in cashmere producing 25 
goats are regarded as unreliable as they relate to feral goats producing small quantities of 26 
cashmere (48-94 g/year, Restall and Pattie, 1989; Pattie and Restall, 1989) or to a 27 
 
 
 8 
heterogeneous population of crossbred goats which have diverse periods of fibre growth 1 
(Merchant and Riach, 2003). In other words, without undertaking S/P skin follicle ratio 2 
measurements, which are expensive and time consuming, the Clean Cashmere Staple Length 3 
Index adjusts cashmere fleece measurements to enable rapid evaluation of animals based on 4 
their production. This implies that for fleece competitions the most important parameters are 5 
CCMwt, MFD and Clean Cashmere Staple Length Index.  6 
 The Patrick Index is mostly commonly used to compare fleece productivity of individual 7 
goats in fleece competitions. However, there is little advantage of adjusting CCMwt of 8 
individual goats across farms for MFD because a model that contains MFD alone accounts 9 
for only 2% of the variance (Table 1) That is, in industry fleece comparisons, where it is not 10 
practicable to make an adjustment for farm, there is little relationship between MFD and 11 
CCMwt (Fig. 3). 12 
 The Clean Cashmere Staple Length Index provides a different ratio of clean cashmere 13 
weight at different staple lengths compared with the Patrick Index. The Patrick Index was 14 
determined on the fleeces submitted to the National Fleece Competition during the early 15 
years of the Australian cashmere industry. It can be expected that the fleeces submitted were 16 
heavier than the population mean, as it would be expected that producers would choose 17 
fleeces to win a particular competition. There is no way of knowing what biases exist in the 18 
sample used to determine the Patrick Index. Also, there was no adjustment to the fleece 19 
weight for attributes other than fibre diameter. It is likely that cashmere fleece characteristics 20 
have changed over the past 25 years as the industry became established.  21 
 For cashmere producers in development projects, where obtaining a reliable cashmere 22 
MFD test is not possible or affordable, our results suggest that the use of both cashmere 23 
fleece weight and cashmere staple length would enable more robust comparisons of cashmere 24 
goat productivity than using cashmere fleece weight with a MFD test.  25 
 26 
5. Conclusions 27 
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 1 
Adjusting CCMwt for MFD in across farm comparison and fleece competitions appears to be 2 
ineffective. For farm comparisons and in fleece competitions it is important to assess 3 
cashmere staple length. The use of the Clean Cashmere Staple Length Index will provide a 4 
more robust comparison of cashmere productivity between farms as it is an indirect indicator 5 
of desirable skin secondary follicle development.  6 
 7 
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Figure captions 1 
 2 
Fig. 1. The ratio of the Clean Cashmere Staple Length Index to clean cashmere weight at 3 
different staple lengths. Using this index, a fleece with a 12.5 cm staple length will need to 4 
have twice the clean cashmere weight as a fleece with a staple length of 7.5 cm, which in turn 5 
will need to have twice the clean cashmere weight as a fleece with a staple length of 2.5 cm, 6 
to attain the same index value. 7 
 8 
 9 
10 
 
 
 14 
Fig. 2. The ratio of the Patrick Index to clean cashmere production at different mean fibre 1 
diameters (dashed line). Values for the Patrick Index are standardised to a mean fibre 2 
diameter of 12.6 μm where the Patrick Index always equals the weight of clean cashmere and 3 
the ratio between the Patrick Index and the weight of clean cashmere equals 1 (shown by 4 
solid lines). 5 
 6 
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 15 
Fig. 3. Cashmere production and cashmere mean fibre diameter of winning fleeces entered in 1 
the Australian Cashmere Growers Association National Fleece Competition for the years 2 
2001 - 2006. Fleeces were selected by producers after shearing of bucks, does and wethers 3 
(Anonymous, 2002, 2003, 2004, 2005, 2006, 2007).  4 
 5 
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 7 
 8 
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Table 1 1 
Variance in the logarithm of clean cashmere weight accounted for by terms involving age, 2 
fibre diameter (mean, MFD; SD, FDSD), staple length (SL), fibre curvature (FC), FC SD, 3 
and other fibre measurements but excluding farm. All values are calculated with the separate 4 
terms for 2 year old goats from Farm 7 being a priori included in the models. 5 
Terms in Model Residual variance 
Percentage variance 
accounted for 
None 0.03999  
MFD 0.03932 2 
SL 0.02438 39 
SL+MFD 0.02382 40 
All terms involving MFD, FC, FDSD and FCSD 0.03493 13 
All terms involving SL, MFD, FC, FDSD and FCSD 0.02286 43 
Terms for all measurements in model 0.02130 43 
 6 
